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Fonts 
Erratum: 
Typesetting Concrete Mathematics 
TUGboat Vol. 10, No. 1 
Donald E. Knuth 
Editor's note: Some erroneous parameter values 
for the Concrete fonts were given in the footnote 
on page 33. The following are the correct values. 
beak-darkness = 4/30 for all Concrete fonts except 
for ccslc9, which has beak-darkness = 5/30. Also 
for ccslc9, fudge = 1. 
The METAFONT sources and the macros for 
using the Concrete fonts can be found in the tex- 
fon t s  archive at Clarkson. A list of the files appears 
on page 200, TUGboat Vol. 10, No. 2. 
and latin alphabet languages 
Yannis Haralambous 
( 'Ex~ivq) p~AOi&i rrj yhhooa rLiv 
'Erporjoxwv, pidv biyvwmq, xapdtwevq 
yhhooa, rcorj xavkvcrq 6kv rrjv Skpn xai 
xavkva~ xork 6kv 66 rTjv piA$o~i. 
QX provides enough accents and special letters 
to write in (almost) every latin alphabet language. 
But there are problems; following D. E. K n ~ t h , ~  
". . . format designers should provide rules for how 
to obtain accents and special characters in their 
particular systems. p l a in  TEX works well enough 
when accents are infrequent, but (its) conventions 
are by no means recommended for large-scale a p  
plications of TEX to other languages." The best 
solution to this is to create accented and special 
letters by METAFONT and to put them in the 
still-empty 128 boxes of the 256-code fonts.* 
* Editor's note: A technique developed long ago 
by David Fuchs, but never publicized, permits the 
creation of "virtual fonts" that have instructions for 
putting pieces together, at the output driver level, 
from the same or separate fonts, so that detailed 
character descriptions are not required for such 
But to keep the "universal properties" of T ' ,  
this should be done (a) once and for all, and (b) in 
the most democratic and complete way. It is impor- 
tant that -in an international level- everybody 
has the same fonts and ligature conventions (to 
prevent having for example u n  Q$i f r a n ~ a i s  and ein 
aeutscbes Q X  with no compatibility to each other). 
Now the natural question to ask is: is it 
possible to cover ALL latin alphabet languages? 
To answer this question I have searched (for some 
hours) in the library of the Centre Pompidou in 
Paris and made a list of languages with their 
respective accented letters and special characters 
(beside the well-known 26-letter alphabet). I am 
neither a linguist, nor a geographer, and this makes 
me pretty sure that many languages and dialects 
are missing. So I would be very grateful for 
additional remarks and corrections (just write to 
yannisQfrcitl7l.bitnet). Also I would like to 
thank my fiiends Ana Cristina Matos (Portugal), 
Vladimir Rosenhaus (Estonia, USSR) and Petr 
PlechAE (Czechoslovakia) for their precious help. 
List of languages 
1. ~ l b a n i a n ~ :  E C, E E 
2. Basque4: fi fi 
3. Breton5: 6 E, B E, 6 E, fi N, 6 0, u u 
4. Catalan6: B A, q C, 6 E, k E, i f, 6 0 ,  b 0, 
l i u , i i u  
5. Corsican7: B A, C E, k E, i i, 6 0, h U ,  i u 
6. Creole8: i A, B A, 5 k, 6 E, 6 E, C E, 6 E, 
E ~ , ~ 1 , f i ~ , b 0 , 6 0 , 6 0 ~ 6 0 , i i ~ , ~ ~ ,  
I ~ u , ~ ; Y  
7. C r ~ a t i a n ~ ~ :  C C, E C, d D, S S,  i z 
8. Czech: B A, i: C, d IY, 6 E, 1! 8, i f ,  6 N, 
6 t ) , f ~ , S S , t T , l i ~ , G f i , f ~ , i ~  
9. Danishg: 5 A, e E ,  0 0 
10. Dutch1': C E, 6 E 
11. English: none 
12. Esperanto": E C, G, h H, j j ,  d S,  ii 0 
13. ~stonianl': ii A,, 6 0 ,  6 0, S S, ii U, i z 
14. Faroeseg: B A, e E, d b, i f ,  6 0, 0 0 ,  li U, 
y Y 
15. Finnish13: ii A, 6 0 
16. French: B A, B A, q C, C E, k E, C E, e E, 
i i, i' 1, 8 0, ce CE, i~ U, G U, ii u (and it seems 
that in pre-Louis XV texts14 there is also the 
letter 5; Y )  
"composite" characters. Arrangements are being 
made to publish the details in a future TUGboat. 
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17. Gaelic15: 8. A, 6 E, 6 E, i i ,  6 0 ,  b 0, G u 
18. Galician: B A, C E, i f, ii N, 6 0 ,  6 u 
..A,..G , B , G  f, 
19. German: 
20. Guarani16: 6 A, 5 A, 6 E, e E, i f, Y I, fi N, 
6 0 , 5 0 , b f J ,  G U ;  f ~ !  j~ 
21. Hungarian17: B A, 6 E, i I, 6 0, o 0 ,  o 0, 
fi, f,, fi fi 
22. Icelandicg: B A, ze I E ,  d P, C E, i f ,  6 0, 
o o , ~ u , f Y  
23. Indonesian18: none 
24. Irishlg: irish language has its own, most 
beautiful alphabet 
25. Italian: 8 , ~ , 6 ~ , b ~ , i i , i ~ , b i ) , l i f i , G e  
26. ~ u r d i s h ~ ' :  q C, E E, h H, i i, 8 3, fi 6, 2 x 
27. Latin: none (sometimes ze A3 is used) 
28. ~ a t v i a n ~ ~ ~ ~ ~ :  5 A, E C, Ci E, ,& G, i r, I$, 
1 4 , p p ~ , s S , u U , i Z  
29. ~ i t h u a n i a n ~ ~ ~ ~ ~ :  9 4, E C, e 4, i: E, i J, S S, 
lJyJiCJ,iz 
30. Maltesez3: 6 C, & G, hB, i z 
31. Norwegiang: 5 A, ;f? IE, 0 0 
32. OccitanZ4: q C, C E, B E, i f ,  i 1, 6 0, b 0, 
6 u 
33. Polishz5: B A, C C, e Q,  1 L, ri N, 6 0 ,  6 S ,  
i i , i i  
34. Portuguese: B A, B A, b A, 6 A, q C, 6 E, 
6 ~ , i i , 6 0 , 6 0 , 6 6 , u ~ , i i ~  
35. QhBshwaZ6: B A, 6 E, E E, i f, ii fi, 6 0 ,  
0 ,  6, ii f, 
3 
36. Romansh . : B A, 6 0 ,  6 0, U, ii U. . . ? 
37. Romanianz7: b A, B A, i f, 8 3, $ T 
38. Slovakian: 8. A, E C, d IY, 6 8, 6 E, i i, P C, 
f i ~ , 6 0 , 6 0 , f ~ , 6 ~ , f T , 6 f J , f i f i , f ~ ,  
i z 
39. SlovenianZ9: E C, 6 S, i z 
40. Spanish: B A, 6 E, i f, ii N, 6 0 ,  6 U, ii u 
41. Swedishg: a A, B A, ii 0 
42. Turkish30: ii A, c C, G, I I, i 1, i i, 6 0, 
q $ , d J , i i f ,  
43. vietnamese3': b A, 6 A, d D, E E, 6 0, 
w 0, w U. and the following accents: ' ,- ,' , ' ,. 
44. Welsh32: 8 A, & E, d E, i f, i' I, 6 0, 6 0 ,  
I I u , ~ w , ~ ~  
and finally, 
MR transliteration of USSR cyrillic: b E, i2 E, 
i 1 for 3 3, e E, ti Fi. 
Conclusions 
There are 190 different symbols on this list, and 8 
(z IE 1 0 0 ce CE B) are already in the CM fonts. So 
the remaining 182 are far too many to be included 
in the 128 empty boxes. But, looking closer, we see 
that for the most important "european" languages 
(languages of the European Community, central 
europe socialist countries and Turkey) we only need 
112 symbols from this list, and automatically most 
of the other languages are covered too. So I think 
the best thing to do is to take these 112 symbols 
and leave the 16 empty boxes for arbitrary use (also 
I wait for your comments and suggestions). These 
112 symbols are the following: 
Which ligatures to choose 
Once we have the new font, the problem is to assign 
the right ligatures, according to the three basic 
rules: 
(a) compatibility with instructions (for ex- 
ample, 'n is not admissible for ii, since ' is 
active). 
(b) compatibility with 128-character fonts (the ex- 
ample 
e'crire de cette manie're 
naiNve en franc/ais 
disobeys this rule; to use it we would have 
to change the use of ', ', and /, and texts 
written in "classical" 'QX couldn't be typeset 
anymore). 
Taking (a) and (b) into account, the only 
ASCII characters we can use are <, >, and, by 
slightly disobeying rule (b), we could (and will have 
to) take also ", +, and = (this could be done because 
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' ' also gives " , and $+$ and $=$ are even better 
choices for + and =). 
(c) readability. 
The solution I propose is the following: = followed by 
1) take < and > for the acute and grave accents 
respectively (they are easy to find on the 
keyboard, symmetric, and give the direction of 
the accent). 
2) take = for the accent; also take =n for ii. 
3) take " for " on vowels. Also take " s  for f3, 
following PartlS3. 
4) take the plus sign + for both the hAEek and " followed by 
tilde accents (the portuguese language doesn't 
have hAEeks and czech has no tildes, so there is 
no essential risk of confusion). So for example 
+a means 1, and +z,  i (this is why we took =n 
for ii: it's the only letter that takes both hAEek 
and tilde accents). 
5) take > also for the "french-style" cedilla on c, 
s, t and == for the "polish-style" hook on a 
and e (a is a very wicked letter; it takes almost 
every existing diacritical mark). 
6) since <o, <u give 6, I5, it's reasonable to put 
((0, <<u for 6, u. + followed by 
7) take " before d, 1, t for d, P, f ;  take <>o and 
o u  for (Y, v (0 is at least as wicked as a).  
8) the rest of the distribution is purely random. 
You can see the whole of it in the following table: 
< followed by 
> followed by 
gives 
gives 
gives 
gives 
gives 
== followed by {: 2) gives {: 2) 
a? A3 
++ followed by {I g )  gives { @  L }  
<< followed by 
u u ii u 
<> followed by 
a A A A 
followed by {: gives { } 
ce 03 
u u fl u 
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An example 
Zde se v+semo+zn+e sna+z<i m+e p+remluvit, 
abych ztl"ustal je+st+e n+ekolik m+es<ic""u 
a napsal je+st+e jednu operu. HayU"ir! 
""I>s "oyle de+gil . B"uyt'u+g"u 
k"~>c~'u+g~~une t akilmaytt "i pek severdi . 
Ce f=ut d'ores et d<ej>a une idcee 
d<eg<en<er<ee et ambigItue .
instead of 
Zde se v\v semo\v zn\v e sna\v z\'\i\ m\v 
e p\v reluvit, abych zC\accent'027u)stal 
je\v st\v e n\v ekolik m\v es\'\i 
c(\accent'027u) a napsal je\v st\v e j e h u  
operu. Hay\i r! \D I\c s \"oyle de\u 
gil. B\"uy\"u\u g\"u k\"u\c c\"u\u g\"une 
takilmay\i\ pek severdi. Ce f\^ut d'ores 
et d\'ej\'a une id\'ee d\'eg\'en\'er\'ee 
et ambig\"ue . 
(which looks better?) you get 
Zde se vSemoin6 snaii me pfeluvit, abych zfistal 
jeStF! nekolik m5sicG a napsal jeSte jednu operu. 
Hayx! 1ij oyle degil. Biiyiigii kii~iigiine takilrnayl 
pek severdi. Ce fiit d'ores et dCjB une idCe dBg6nCrCe 
et ambigiie. 
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